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1&)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DQGIDLOXUHORFDWLRQRI1L7LURWDU\LQVWUXPHQWVE\)(0YLUWXDOVLPXODWLRQRIDQH[SHULPHQWDOQRQ
VWDWLFIDWLJXHWHVW0DWHULDODQGPHWKRGV3UR7DSHU1H[W371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&$'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JHRPHWULFDOPRGHO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QXPHULFDOPRGHO7KHW\SLFDOPDWHULDOPRGHORIDQ0:LUHDOOR\
ZDV DSSOLHG 7KH QXPHULFDO PRGHO RI WKH GHYLFH DQG ILOH JHRPHWULHV ZHUH H[SRUWHG IRU ILQLWH
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)($0XOWLD[LDOUDQGRPIDWLJXHPHWKRGRORJ\ZDVXVHGWRDQDO\]HVWUHVVKLVWRU\
DQGSUHGLFWLQVWUXPHQWOLIH([SHULPHQWDOGDWDIURP371;DQG;ZHUHXWLOL]HGIRUYLUWXDOPRGHO
WXQLQJ WKURXJKD UHYHUVHHQJLQHHULQJDSSURDFKWRRSWLPL]HPDWHULDOPHFKDQLFDOSURSHUWLHV7XQHG
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P  5HVXOWV ([SHULPHQWDO
1&)DQG IDLOXUH ORFDWLRQVGLGQRWGLIIHU IURPWKRVHSUHGLFWHGZLWK)($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 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&RQWLQXRXV HQKDQFHPHQWV LQ WKH GHVLJQ DQG PDQXIDFWXUH RI 1L7L URWDU\ LQVWUXPHQWV KDYH
VLJQLILFDQWO\UHGXFHGEXWQRWFRPSOHWHO\HOLPLQDWHGWKHRFFXUUHQFHRIIDLOXUHGXULQJFDQDOVKDSLQJ
  $OWKRXJK UDUH EUHDNDJH RI 1L7L URWDU\ LQVWUXPHQWV PD\ OHDG WR LQFRPSOHWH
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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 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LQVWUXPHQWIDLOXUHWKHSULPDU\FDXVHVDUHF\FOLFEHQGLQJIDWLJXHDQGWRUVLRQDORYHUORDG7RUVLRQDO
RYHUORDGLVUHODWHGWRWKHULVNRIWDSHUORFNDQGLWVLQFLGHQFHPLJKWEHUHGXFHGE\SHUIRUPLQJJOLGH
SDWK DQG SUHOLPLQDU\ HQODUJHPHQW ± +RZHYHU 1L7L LQVWUXPHQW IDLOXUHV DUH PDLQO\ GXH WR
F\FOLFEHQGLQJIDWLJXHZKLFKRFFXUVZKHQD1L7LLQVWUXPHQWURWDWHVLQDFXUYHGURRWFDQDO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IRUPXODWLRQ LPSOHPHQWHG LQ /6'\QD /6'\QD 5 /LYHUPRUH 86$ 7KH SHQDOW\ PHWKRG
LQWURGXFHVDIRUFHDWWKHFRQWDFWGHWHFWLRQSRLQWVWKDWKDVSHQHWUDWHGDFURVVWKHWDUJHWVXUIDFHZLWK
WKH H[SUHVV SXUSRVH RI HOLPLQDWLQJ WKH SHQHWUDWLRQ  7KH QXPHULFDOPRGHO RI WKH FXVWRPL]HG
IDWLJXHWHVWLQJGHYLFHDQGWKHILOHJHRPHWULHVZHUHH[SRUWHGLQWRWKHILQLWHHOHPHQW)(VROYHU/6
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)($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H[SHULPHQWDOWHVWFDUULHGRXWZLWKWKH0DLOOHIHUFXVWRPL]HGIDWLJXHWHVWLQJGHYLFH7KHILOHLQUHVW
FRQILJXUDWLRQ VWUDLJKW ILOH ZDV LQVHUWHG LQWR WKH WHVWLQJ GHYLFH DQG WKHQ EHQW E\ WKH VLPXODWHG
FDQDOZDOOVULJLGVKHOOHOHPHQWV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7KH
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ZLWK WKHDVVXPSWLRQ WKDW WKHVWUHVVKLVWRU\ UHFRUGHG LQ WKH ILUVW V
ZDVLGHQWLFDOO\UHSHDWHGXQWLOIDLOXUH7KH&6FULWHULRQZDVXVHGWRFDOFXODWHWKHWLPHWRIDLOXUHIRU
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PRGHO WXQLQJ ZDV DGRSWHG WR REWDLQ WKH UHTXLUHG LQIRUPDWLRQ 6HYHUDO PDWHULDO SURSHUWLHV ZHUH
WDNHQ LQWR DFFRXQW WKURXJK WKH0DWODEPRGHO DQGZHUH WXQHG WRPDWFK WKH H[SHULPHQWDO1&)RI
371 ; DQG ; ILOHV 0DWHULDO SDUDPHWHUV ZHUH DOWHUHG WKURXJK DQ RSWLPL]DWLRQ DOJRULWKP
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DYHUDJH1&) RI 371; ILOH ZLWK )($ )DLOXUH ORFDWLRQV IRU HDFK ILOH W\SHZHUH UHFRUGHG DQG
FRPSDUHG ZLWK WKH IDLOXUH ORFDWLRQV RI WKH ILOHV SKRWRJUDSKHG DIWHU IDLOXUH LQ WKH 0DLOOHIHU
FXVWRPL]HGIDWLJXHWHVWLQJGHYLFH7WHVWVZHUHSHUIRUPHGWRFRPSDUH)($DQGH[SHULPHQWDOUHVXOWV
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3 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,Q DGGLWLRQ QR VLJQLILFDQW VWDWLVWLFDO GLIIHUHQFH ZDV IRXQG EHWZHHQ WKH H[SHULPHQWDO IDLOXUH
ORFDWLRQVDQGWKHIDLOXUHORFDWLRQVSUHGLFWHGE\)($3 IRU371;ILOH3 IRU371
;ILOHDQG3 IRU371;ILOH
3RVVLEOH IDLOXUH ORFDWLRQV SUHGLFWHG ZLWK )($ WRJHWKHU ZLWK WKH H[SHULPHQWDO IDLOXUH ORFDWLRQV
REWDLQHG IURP WKH SKRWRJUDSKHG ILOHV DUH VKRZQ LQ )LJXUH  )RU HYHU\ ILOH W\SH YHUWLFDO OLQHV
 ͹
LQGLFDWHFRQILGHQFHLQWHUYDOVRIWKHH[SHULPHQWDOIDLOXUHORFDWLRQVZKLOHWKHKLJKOLJKWHGSRLQW
GHQRWHVWKHORFDWLRQRIWKHHOHPHQWZLWKWKHVPDOOHVW1&)ZKHUHWKHSUHGLFWHGIDLOXUHRFFXUUHG
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0XOWLD[LDOORDGLQJXVXDOO\DFWVRQ1L7LURWDU\LQVWUXPHQWVGXULQJVKDSLQJDVDUHVXOWRIWKH
VLPXOWDQHRXV SUHVHQFH RI EHQGLQJ DQG WRUVLRQ *LYHQ D ILOH W\SH JHRPHWU\ DQG PDWHULDO WKH
WRUVLRQDORYHUORDGODUJHO\GHSHQGVRQWKHSUHH[LVWLQJURRWFDQDOVL]HDQGWKHDSLFDOIRUFHH[HUWHG
GXULQJLQVWUXPHQWDWLRQZKLOHWKHF\FOLFEHQGLQJIDWLJXHGHSHQGVRQXQPRGLILDEOHDQDWRPLFIDFWRUV
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1&)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
7DEOHOHJHQGV
7DEOH7HVWLQJFRQILJXUDWLRQVDGRSWHGIRUHDFKLQYHVWLJDWHGILOH
7DEOH)($ ILQLWHHOHPHQWDQDO\VLV1&) QXPEHURIF\FOHVWRIDLOXUHPHDQ6'/HQJWK
DQGORFDWLRQIURPWKHILOHWLSLQPPPHDQ6'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0XOWLPHGLDFRQWHQW
YLUWXDOGHYLFHPRYIDWLJXHWHVWVLPXODWLRQE\)($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;BVWUHVVPRY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;BVWUHVVPRYGLVWULEXWLRQRIVWUHVVDORQJ3UR7DSHU1H[W;
;BVWUHVVPRY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Dimensions X1 X2, X3 
RA [mm] 5 5 
RB [mm] 4.6 4.6 
alpha [°] 78 78 
a [mm] 6 6 
b [mm] 7 7 
c [mm] 1 1 
p [mm] 0,6 0,8 
XCB [mm] + 0,18 + 0,04 
YCB [mm] - 0,04 - 0,45 
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 Cyclic fatigue test FEA P 
Instrument NCF Fracture length* NCF Fracture length NCF Fracture length 
X1 
671 ± 170 
[592;751] 
5.59 ± 0.38 
[5.41;5.79] 
605 5.77 0.10 0.15 
X2 
522 ± 67.2 
[491;553] 
5.46 ± 0.50 
[5.23;5.69] 
518 5.46 0.89 0.99 
X3 
334 ± 61.1 
[305;362] 
5.44 ± 0.16 
[5.37;5.51] 
329 5.40 0.78 0.48 
 
Tab. 2 FEA= finite element analysis; NCF = number of cycles to failure (mean ± SD; in square 
brackets, 95% confidence interval for the mean); *Length and location from the file tip in mm 
(mean ± SD). 
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